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It is well known that invertebrates may have hemagglutinins for a variety of

erythrocytes (Huff, 1940; Tyler, 1946; dishing, Calaprice and Trump, 1963;

Brown, Almodovar, Bhatia and Boyd, 1968; Prokop, Uhlenbruck and Kohler,

1968 ; McKay, Jenkin and Rowley, 1969).

Recently, in the course of studies on the biological properties of coelomic fluid

from sea urchins (Anthocidaris crassipina, Pscndoccntrotus depressus, and Hciui-

ccntrotus pulcherrimus) ,
it was demonstrated that the fluid was highly effective to

lyse erythrocytes from some species of animals and that the nature of its active

principle may be a protein or a protein-like substance (Ryoyama, 1973). Soon

afterward, it was found that the same materials from these sea urchins also ex-

hibited hemagglutinating activity against rabbit erythrocytes. Although natural

hemagglutinin can be found in the coelomic fluid of sea urchin, its chemical and

biological properties have been poorly understood (Tyler, 1946; Brown, ct a!.,

1968; Uhlenbruck, Sprenger and Heggen, 1970). The present report gives data

on the occurrence of hemagglutinins in the coelomic fluid of sea urchins stated

above, and on some properties of their hemagglutinins.

MATERIALS AND METHODS

Three species of sea urchin, Anthocidaris crassispina (Agassiz), Pscndoccn-

trotus dcprcssns (Agassiz), and Hcuiiccntrotns pulcherrimus (Agassiz) were used.

They were harvested at three different littoral areas (Ogi and Kabuto in Ishikawa

Prefecture, and Amabarashi in Toyaina Prefecture, Japan). The coelomic fluid

preparation was obtained by the method reported previously (Ryoyama, 1973).

The fluid (protein content, 467 /xg/ml ) pretreated at 56 C for 30 minutes to

suppress their hemolytic activity was used throughout the experiments, except for

heat stability test of the hemagglutinating activity. The protein content of the

coelomic fluid preparation was determined by the Folin-phenol method ( Lowry,

Rosebrough, Farr, and Randall, 1951), using bovine albumin as a reference

standard.

The erythrocytes from various animals were centrifuged at 250 X g and sus-

pended in 0.05 M Tris-HCl buffer solution (pH 8.0) containing 0.15 M NaCl and

0.02 M CaClo (Tris-NaCl-CaCli! buffer solution). Unless otherwise stated, this

buffer solution was used for dialyzing coelomic fluid, diluting the dialyzed fluid

preparation, and also for suspending erythrocytes. The final concentration of

erythrocytes was adjusted to 1.0-1.6 X 10 8
cells per ml.

To serial two-fold dilutions of the coelomic fluid preparation, an equal volume
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TABLE I

Relative hemagglutinating actiritv of coelomic fluid preparation obtained from three different species

of sea urchin against erythrocytes from various species of animals

Erythrocyte species
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TABLK 1 1

Effect of bivalent cations on the hemagglutinating activity of 3 < aclon/ii

fluid preparations against rabbit erythrocytes
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observed in the absence of coelomic fluid preparation or in the presence of CaQ2

alone. The addition of EDTAabolished this effect, which was regained on further
addition of calcium. Magnesium had no effect on hemagglutination and also did
not interfere with the enhacing effect of calcium. Enhancement of hemagglutinating
activity of coelomic fluid preparation by calcium ion was also observed in the

experiment with guinea pig and human erythrocytes.
It thus appears that calcium is essential for hemagglutination produced by

coelomic fluid preparation from three different species of sea urchin.

Effect of temperature and pH on the stability of coelomic fluid preparation

In order to examine the effect of temperature on the stability of hemagglutinating
activity of coelomic fluid preparation, aliquots of the fluid were placed in a water
bath in the range of 1 to 100 C for 30 minutes, and hemagglutinating activity was
then estimated. In the case of A. crassispina. hemagglutinating activity of the

coelomc fluid preparation was not affected in the temperature range of 1 to 65 C,
while its activity was almost completely destroyed at 70 C. In the case of P.

depresses, the activity was not affected to 70 C, but was destroyed (about 50%)
at 75 or 80 C, and completely abolished at 85 C. On the other hand, the

coelomic fluid preparation from //. piilcherriinns was not affected even at 100 C.

When the coelomic fluid preparations dialyzed against 0.85% NaCl solution

were placed at 4 C for 12 hours in the buffer solution of various pH values (3.2
to 10.6), no change of the activity was observed at the the pH range stated above.

The coelomic fluid preparations from three different species of sea urchin seem
to be very stable in the region of these pH values.

Effect of some aijents on the stability of coelomic fluid preparation

The coelomic fluid preparations from the three species were digested by pro-
teinase (trypsin, bromelain) in order to ascertain whether or not the factor earring
the hemagglutinating activity of each fluid was a protein. The reaction mixture of

0.3 ml of coelomic fluid preparation and 0.3 ml of trypsin solution (1-5 mg/ml)
or bromelain solution (0.1-1 mg/ml) was incubated at 37 for 1 hour. To
each of the reaction mixtures diluted serially was added an equal volume of

erythrocyte suspension, and the mixture was placed at 4 C for 30 minutes to

minimize the enzyme action. As the results, trypsin had no effect on hemagglutinat-

ing activity. No hemagglutination was observed in the absence of coelomic fluid

preparation or in the presence of trypsin alone. Accordingly, hemagglutinating

activity of the fluids from three species of sea urchin seems to be resistant to tryptic

digestion, while bromelain at 0.1 or 0.05% concentrations brought about a con-

siderable decrease in the activity when the coelomic fluid preparations from A.

crassispina and P. depressits were used. On the other hand, the fluid from H.

pulcherrimus was not affected by bromelain under the same condition. No hemag-
glutinination was observed in the presence of bromelain alone. In addition, sus-

ceptibility of the rabbit erythrocytes pretreated with bromelain or typsin to coelomic

fluid preparation was not impaired but slightly increased. Thus, it was thought
that the decrease in the activity was actually due to digestion of the coelomic fluid

(from A. crassispina and P. depressits') by bromelain.
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TABLE I f I

Effect oj 2-mercaptoethanol on the hemagglutinating nctii i it\ of 3 coelomic

fluid preparations against rabbit erythrocytes
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various agglutinins depends to some degree on the sugar moiety in receptor mole-

cules. From each of these sugars, 0.2 M stock solution in Tris-NaCl-CaCl L. buffer

solution was prepared, with the exception of dulcitol, salicin, and raffinose in

0.067 M, and cellobiose, lactose, and D-melezitose in 0.1 M. Equal volumes of the

coelomic fluid preparation were added to each serial dilution of the stock sugar
solution, and incubated at 20 C for 2 hours. After addition of rabbit erythrocyte

suspension, the incubation mixture was reincubated at 37 C for 30 minutes. Test

materials of mono-, oligo-, and derived saccharides included D-ribose, 2-deoxy-
o-ribose, D-arabinose, L-arabinose, n-xylose, L-xylose, D-glucose, L-glucose, 2-deoxy-

D-glucose, D-mannose, D-galactose, n-sorbitol, D-mannitol, dulcitol, inositol. N-acetyl-

D-glucosamine, N-acetyl-D-mannosamine, x-acetyl-D-galactosamine, u-glucosamine
HC1, D-mannosamine HC1, D-galactosamine I1C1, salicin, i.-rhamnose, D-digitoxose,

u-fucose, L-fucose, D-fructose. L-sorbose, cellobiose. lactose, maltose, sucrose, tre-

halose, melibiose, D-me!ezitose, and raffinose.

Hemagglutinatiim by the coelomic fluid preparations from A. crassispitia and

//. pulcherrimus was not inhibited by the tested sugars. No hemagglutination was

observed in the presence of the sugar alone. On the other hand, hemagglutination

by P. dcfircssns was affected by nine sugars; D-galactose, L-glucose, u-digitose,

inositol, salicin, lactose, melibiose. D-melezitose and raffinose. Complete inhibition

was observed in the concentration range of 0.0125-0.05 M. These results suggested
that there might be some correlation between the chemical nature and inhibiting

activity in these 9 effective sugars. Inhibition tests with these sugars were made

repeatedly and the results were reproducible.

Inhibition test lAth liunnni sulii'ii

It has already been reported that certain hemagglutinins from marine sources

react with human ervthrocytes, and hemagglutination by them can be inhibited In-

human secretor saliva (Brain and Grace, 1968; Pemberton, 1971). In connection

with this fact, the effect of human saliva on hemagglutination by the coelomic fluid

preparation of sea urchin was examined. The test method was as follows: An

equal volume of saliva and the coelomic fluid preparation was incubated at 20 C
for 2 hours, rabbit erythrocyte suspension was added, and re-incubated at 20 C
for 30 minutes. All of 7 kinds of saliva used (2 of blood group A, 2 of blood

group B. and 3 of blood group O) completely inhibited hemagglutination by the

fluid of A. cnissispinu, but not those of P. deprcssns and //. pulcherrimus. \Yhen

human ervthrocytes instead of rabbit cells were used, hemagglutination by the

fluids from three different species of sea urchin was completely inhibited by the

saliva materials so far examined. Moreover, inhibitory effect of saliva was ob-

served in agglutination of dog ervthrocytes by A. crassispina but not by H. pnl-

clierriiiuts, while the saliva slightly inhibited agglutination of guinea pig ervthrocytes

by P. dcprcssiis but not by //. pulcherrimus. In all these cases, inhibition of hemag-

glutination by saliva seems not to be related to the difference in blood group of

man, and saliva itself had no effect on ervthrocytes.

Absorption test

The specificity of hemagglutinin of sea urchin was examined by the absorption
method. Tests were scheduled to determine whether the hemagglutinin for rabbit
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TABU- l\

Specificity of hemagglutinin

Sea urcliin
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showed the highest susceptibility to three coelomic fluid preparations so far

examined. In this case, calcium ion was essential for development of high hemag-
glutinating potency and the addition of EDTAabolished this activity. Magnesium
ion was entirely ineffective. As one of the procedures for the examination of hemag-
glutinin activity in invertebrates, the use of calcium has been proposed in order

to detect the activity (Uhlenbruck, Reifenberg and Heggen, 1970). Marchalonis

and Edelman (1968) reported that a hemagglutinin from the hemolymph of the

horseshoe crab, Liniuliis polyphemus, is a protein having a molecular weight of

approximately 40 >: 10 4
, which consists of a number of subunits linked through

non-covalent interactions, and that its agglutinating activity is potentiated by cal-

cium but not by magnesium. They suggested that bound calcium may stabilize the

native structure of the protein. As described in this paper, some difference was

observed in the response of hemagglutinins from the three species of sea urchin

to chemical and physical agents. The hemagglutinins from .-/. crassisf>'nia and

P. deprcssits might be a protein-like substance, because they were fairly unstable

to heat treatment, and to bromelain and 2-mercaptoethanol. However, it is

unknown that the difference in the effects of bromelain and trypsin is due to either

the susceptibility of active sites of hemagglutinin to both enzymes or the necessity

of certain molecular size of agglutinin to induce hemagglutination. Their molecular

weight was also determined as over 20 X 10 4
by means of gel filtration on Sep-

hadex G-200 (unpublished data). Considering these facts it seems likely that

calcium ion participates in stabilization of native structure of the hemagglutinins,
as in the hemagglutinin of horseshoe crab mentioned above. Meanwhile, from the

fact that hemagglutinating activity of H. pulcherrimus was heat-stable and resistant

to proteinase and 2-mercaptoethanol, the active principle was considered to be

complicated carbohydrates. Fuke and Sugai (1972) have recently reported that

the hemagglutinin of ascidian may be a polysaccharide or a mucopolysaccharide
from the fact that it is very stable to heat, is resistant to trypsin digestion, and is

destroyed by periodate. The hemagglutinin from H. pulcherrimus was very simi-

lar in properties to that of ascidian except for resistance against periodate treat-

ment.

Watkins and Morgan (1952) showed first that simple sugars are capable of

neutralizing hemagglutinin of an eel. Later, Makela (1957) reported the inhibition

of hemagglutination by plant agglutinins (Leguminosae seeds) with simple sugars,

and classified the sugars into four groups according to the correlation between plant

agglutinin and simple sugars. The hemagglutinin of sea urchin (A. crassispina

and H. pii/clicrriinns} against rabbit erythrocytes w? as not inhibited with the simple

sugars tested while the hemagglutination by the fluid from P. deprcssns was

inhibited by several simple sugars. The inhibition in the case of P. depressus was

never dependent on Makela's classification. In addition, it is known that simple

sugars inhibit only a few animal agglutinins and that plant agglutinins in general

neutralize at lower concentrations of simple sugars than animal agglutinins (Makela,

1957; Pemberton, 1969). Since the inhibitory effect of L-fucose was considerably

less than the activity of the intact H-substance, Watkins and Morgan ( 1952) stated

that simple sugar alone does not account for the complete specificity of the blood

group hapten. Therefore, it might be thought that the receptor site for the hemag-

glutinin of sea urchin wr as more complex than that for simple sugars.

The hemagglutinin in coelomic fluid preparation from sea urchin could be
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absorbed by erythrocytes. This property is similar to that of isohemagglutinin

present in mammalian serum. The data of absorption test showed that the hemag-
glutinin of A. crassispina was homogeneous to the erythrocytes tested, and that in

the coelomic fluid preparation from P. cicprcssus two hemagglutinins occurred.

Furthermore, three hemagglutinins could be, at least, found in the coelomic fluid

preparation from H. pulcherrimus. On the other hand, there was a parallelism
between the results of absorption test and those of saliva inhibition test so far

examined.

Brown, ct al. (1968) reported the hemagglutinating activity of coelomic fluids

from seven species of sea urchin against human erythrocytes. All of the fluids

tested, except that from Diadona antillantiu, reacted with human cells (A, B, O
group) while the fluid from Strongylocentrotus droebachiensis did not react with

A! and Oh (Bombay) cells. In the case of fluids from Echinarachnius panna
and S. droebachiensis, a difference in hemagglutinating activity was found among
individuals of specimens; three of 6 in E. panna and 5 of 15 in .S". droebachiensis

showed the activity. This is in agreement with the present data that there was a

difference in the activity of specimens from A. crassispina. The difference in

individuals was also reported on hemagglutination by the sera of horseshoe crab

(Cohen, Rose and Wissler, 1955). In a previous paper (Ryoyama, 1973) it was
shown that the coelomic fluid of sea urchin possessed hemolysin, which was not

identical with hemagglutinin, and that the difference of hemolytic activity in indi-

viduals was seen, as in hemagglutinating activity reported in this paper. There

was no correlation between the occurrence of hemolysin and hemagglutinin in each

of the specimens. Brown, ct al. (1968) also detected hemolytic activity in the fluid

from Lytechinits varicyatns but not in other species which belong to the same order

as species we tested.

Tyler (1946) could not detect the hemagglutinating activity in the body fluid

of Strongylocentrotus pnrpiiratns against guinea pig erythrocytes. It may be

thought that this is due to the difference of individuals in the species, or to deficiency

of calcium ion in the reaction mixture. Calcium ion was essential for agglutination

of guinea pig cells as well as other erythrocytes tested with H. pulcherrimus, as

presented in this paper, and .V. pnrpnratits belongs to the same family as H. pnl-

chcrriinits in the sea urchin. Therefore, calcium ion seems to be necessary for the

hemagglutinating activity of the fluid from S. pitrpitratiis.

On the other hand, Uhlenbruck, Sprenger and Heggen (1970) reported that

the coelomic fluid from PsaiiiiiiccJiiints iniliaris agglutinates human and animal

erythrocytes, and that the preparation extracted from this fluid with phenol-KCl
reacts with neuraminidase-treated human erythrocytes and pronase-treated cells of

bovine and pigeon. Although sheep erythrocytes were not susceptible to the fluids

of sea urchins tested, they became susceptible to the fluid of A. crassispina when

the cells were treated with bromelain but not when treated with trypsin or cholera

filtrate (crude neuraminidase ) . Agglutination of the enzyme-treated sheep erythro-

cytes is probably due to the unmasking of the receptor site on the surface of

erythrocytes (Prokop, eta!., 1968).

Johnson (1969, 1970) has extensively investigated the coelomocytes of sea

urchins ; a similarity of the separating pattern in cellulose acetate-membrane electro-

phoresis was found between the coelomic fluid and the extracts of coelomocytes, and

the results are influenced by the season of collecting the specimens. Further he
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stated that "vibratile cell" (one of coelomoyctes) diffuses specific macromolecules
into the fluid in response to a stress factor. The correlation between coelomic
fluid and the extracts of coelomocytes on hemagglutinating activity is obscure.

Hemagglutinins have been demonstrated in several orders of sea urchin (mainly
order Camarodonta ) , and therefore, it would be of interest to compare the hemag-
glutinins of each species of sea urchin chemically and biologically. At present,
further investigations on the chemical properties of the hemagglutinin from H.

pulcherrimus are in progress.

The author expresses many thanks to Prof. S. Koshimura for constant guidance
in the course of this work, and to Dr. H. Ohtake of Hokuriku Serum Institute for

kindly supplying human erythrocytes. This work was supported in part by a

Grant-in-Aid for Scientific Research from the Ministry of Education, Japan.

Sl'M MARY

The occurrence of natural hemagglutinins in the coelomic fluid of sea urchins,

Anthocidaris crassispina, Pseudocentrotus dcpressns, and Hcniiccntrotits pitl-

chcrrmius, was reported.
The coelomic fluid preparations from three species of sea urchin were found

to have hemagglutinating activity against rabbit and human erythrocytes but not

against mouse and sheep erythrocytes so far examined. Dog erythrocytes were
sensitive to the coelomic fluids of A. crassispina and H. pittchcrrinnis. The coelomic

fluids of P. depressus and H. pulcherrimus also agglutinated guinea pig erythrocytes.
The hemagglutinins against rabbit erythrocytes from A. crassispina and P.

depressus might be a protein or a protein-like substance and were heat-unstable

and resistant to trypsin digestion, but not to bromelain, and were affected by

2-mercaptoethanol though the activity of the former was recovered when 2-mer-

captothanol was removed. On the other hand, the hemagglutinin of H. piil-

cJicrriinns might be a large molecular, complicated carbohydrate, which was heat

stable and resistant to trypsin, bromelain, 2-mercaptoethanol, and periodate.
The hemagglutinating activity of the coelomic fluids was greatly enhanced by

the addition of calcium but not magnesium, and the hemagglutination by them was
not dependent on temperature. Inhibition tests with simple sugars on hemag-
glutinating activity of the coelomic fluids resulted in failure to determine the

specificity of receptor sites for these hemagglutinins. In addition, the results of

absorption test on the specificity of the hemagglutinin of sea urchin were discussed.
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